The main purpose of this study is to clarify the relation between characteristics of sediments and environmental conditions, based on the analysis of core samples from the South Yatsushiro Kai (Sea) which is located off the west coast of central Kyushu Island, Japan.
INTRODUCTION
Since the outbreak of Minamata disease, the Yatsushiro Kai (Sea) has become one of the areas most intensively studied in relation to the pollution of water, sediments and marine fauna. Significant studies in ecological and oceanographical aspects of the area have been carried out by Hydrographic Department, Maritime Safety Agency (1974), Hirota and Hara (1975) , Hydrographic Department, Maritime Safety Agency (1978), Kikuchi and Tanaka (1978) , Geographical Survey Institute (1982, 1984) , Kikuchi (1983) , Tsuruta et al. (1986 Tsuruta et al. ( , 1987 and Tanaka et al. (1987) . However, only a few papers among them are concerned with bottom sediments from the sedimentological point of view.
The main purpose of this study is to clarify the relation between characteristics of sediments and environmental conditions, based on analysis of core samples from the South Yatsushiro Kai.
PHYSIOG1IAPHIC SETTING
The Yatsushiro Kai, a semi-closed inland sea, is located off the west coast of central Kyushu Island, Japan ( Fig. 1) . It is elongate in outline with a length of about 75 km from south to north and a width of about 10 to 20km. The northern part of the Sea has a rather flat bottom topography less than 30m deep and is occupied by lowsalinity water masses due to fresh water influence from the Kuma River with a large drainage Fig.1 Index map of the study area (Kj: Karajiro Seto; Gn: Gannoshiri Seto; Mf: Mefuki Seto; Ir: Ikara Seto; Kr: Kurono Seto; Ec: Euchi River; Nd: Noda River; Kn: Komenotsu River; Mi: Minamata River; Ts: Tsunagi River; Ss: Sashiki River; Km: Kuma River; ----: watershed). Fig.2 Bathymetric map showing the sampling stations (contour interval 10m; Ak: Amakusakamishima; As: Amakusa-shimoshima; flu: Hino-shima; Sb: Shiba-shima; Go: Goshonourajima; Sh: Shishi-jima; Ik: Ikara-jima; Na: Nagashima; Iz: Izumi City; Mc: Minamata City; tc: Tsunagi-cho; at: Ashikita-cho; tn: Tanoura-cho; Mw: Minamata Wan). plain consists of Pliocene to Pleistocene terrace and pyroclastic deposits.
MATERIAL AND METHODS
The bottom samples used for this study were collected at 74 stations in the southern part of the Yatsushiro Kai with depths from 14 to 54 m in March 1996 (Fig. 2) . Positioning for the sampling sites was determined with the Furuno GPS Plotter GP-1500 (FCV-663 Model) installed on the research vessel of the Fisheries Reseach Laboratory, Kagoshima University. All the bottom samples were collected by using the gravity corer made by Hisanaga Co., Ltd, Kagoshima. The 1 to 2 cm (about 10cc in volume) of 62 core samples was used for mechanical analysis and 61 core samples were used for estimation of sedimentation rates. The top one centimeter of 73 core samples was analysed for foraminiferal study. -3, 5-6, 8-9, 13-14,18-19, 23-24, 28-29, 33-34, 38-39, 43-44, 48-49 and 53-54 cm* of core samples were measured in laboratory. The Sansou Automatic mercury analyser Model Hg-3500 was used. The procedure for determination of total mercury (Akagi and Nishimura, 1991) was as follows: a known amount of sample was placed in a 50 ml volumetric flask, to which 2 ml of 1:1 nitric acid-perchloric acid solution and 5 ml of concentrated sulfuric acid were added, and heated on a hot plate at 230°C for 30 min. After cooling, the digested sam-* Below the surface of a core in cm . * Below the surface of a core in centimeter .
> Low mercury contents (less than 0.1ppm) cannot be detected in the core.
The distribution of sedimentation rates have been roughly estimated by the first appearance of high mercury contents, as shown in Figure 12 . Generally, the low sedimentation rates (less than 11cm / 50 years) are shown in the western part of the area except for Stations 25, 43, 58 and 69. Very low sedimentation rates of less than 4 cm are seen at Stations 64 and 65 located in the strait between Hino-shima and Goshonoura-jima lslands. In contrast, high sedimentation rates (more than 21cm) can be observed in the northeastern and southeastern areas in addition to Station 40 off the estuary of the Tsunagi River.
Foraminifera a) Planktic foraminifera
At each station, the number of individuals* of planktic foraminifera was roughly estimated considering the rate of sedimentation and their dis- tribution as shown in Figure  13 .
In surface sediments in the South Yatsushiro Kai, and their distribution is shown in Figure 14 . In general, a large number of individuals, more than 200, is found at the stations in the central part of the South Yatsushiro Kai (Stn. 27, 28, 31, 32, 33, 36, 37, 38, 39, 41, 43, 44) , and Station 11 in the southern part of the area. On the other hand, a small number of individuals, less than 100, is seen at the stations in the northern and southeastern parts.
DISCUSSION
The South Yatsushiro Kai is divided into the following five areas according to the character of the bottom sediments: 1) areas near the straits characterized by coarse-grained sediments (Cluster III) ; 2) the southern part of the Sea and off the mouth of the Minamata River (Clusters IVa and b) ; 3) the northern and eastern parts of the Sea characterized by fine-grained sediments (Clusters ha, b and d); 4) the area mainly in the central part of the Sea (Cluster I); 5) the north- Rifardi, Kimihiko Oki and Takashi Tomiyasu 1998 to be supplied by the ebb current flows southward from the North Yatsushiro Kai where a great amount of sediment derived from the hinterland through the Kuma River, has been deposited.
The Sashiki and Tsunagi Rivers flow down into the northern part of the area, but coarse-grained sediments could not be seen in the area. The reasons for deficiency of such sediments may be inferred as follows: 1) the Sashiki River has a comparatively large drainage area, but this area is mainly occupied by Paleozoic and Mesozoic hard sedimentary rocks which are very resistant against weathering; 2) the Tsunagi River has a small drainage area; 3) both rivers flow down into small bays, respectively Nosakano-ura and Tsunagi Wan, and the coarse sediments were deposited in those bays (Geographical Survey Institute, 1984) .
On the other hand, very fine sediments supplied mainly by the Minamata River, seem to spread southwestward by very weak bottom currents and have accumulated in the area off Minamata Wan (Figs. 5, 6 and 8) . The feature mentioned above is supported by high sedimentation rates of more than 24 cm at Stations 18, 19 and 24 as well as by the presence of stagnant water masses off Minamata through the spring and neap tides (Hydrographic Department, Maritime Safety Agency, 1978) . Figure 15 shows the distribution of the maximum mercury content which have been analysed at some horizons of each core. Judging from their distribution patterns, the sediments polluted by mercury were transported both northeastward and southward by longshore currents and spread north and west across the sea in the northern and southern parts of the South Yatsushiro Kai. These facts harmonize quite well with the current system based on the character of sediments in the South Yatsushiro Kai.
At Stations 64, bottom sediments show the highest mud content (73.4%) in the studied area. This station is located in the vicinity of Goshonoura-jima. This point must be situated out The area where the bottom sediments show an intermediate grain size, is divided into three areas. One of these areas (Stn. 28, 32, 38, 39, 44, 45, 50 and 55) could be interpreted as the transitional zone from the coarse-grained sediments to the fine-grained sediments. However, considering rather high contents of planktic foraminiferal tests in the bottom sediments, this area may cor-respond to the boundary between the water masses which enter into the South Yatsushiro Kai through the Gannoshiri Seto and which flow northward as the flood current along the east coast of the northern part of the sea, and the rather stable surface water masses off the southeast coast of Goshonoura-jima.
Planktic foraminiferal tests may be accumulated by a down stream along the frontal interface which occurs in a current rip area (Sakamoto, 1982; Oki, 1989) .
The other two areas extend across the South Yatsushiro Kai; one extends from off the southeast coast of Shishi-jima to the southeast (Stn. 22, 26, 27, 30, 31, 36 and 41) and the other extends from off the east coast of Ikara-jima to the southeast (Stn. 8, 11, and 20) . Both the areas are sandwiched between areas where strong tidal currents flow into and out through the straits; Gannoshiri, Mefuki and Kurono Seto (Fig. 3) . These areas must be out of the strong tidal current system, and suspended matters accumulate on the sea bottom. This may best be explained by the high contents of planktic foraminiferal tests in the bottom sediments (Fig.  13) .
Large number of individuals of living benthic foraminifera (Fig. 14) in the bottom sediments can be seen in the central part of the South Yatsushiro Kai (Stn. 31, 32, 36, 37, 38, 41 and 44) . The abundance of living benthic foraminifera may be related to the supply of detritus by tidal current systems, but further studies are needed on the ecology of living benthic foraminifera.
5. The northern part of the sea characterized by gravel or gravelly sand sediments (Clusters IIc, IVc and V)
The bottom sediment (Cluster IIc) at Station 74 located in the vicinity of a small island, Shibashima, is characterized by a trimodal distribution of grain size; granule (41.9%), coarse sand (10.1%) and very fine sand (18.2%) . The high gravel content may have resulted from the direct supply from the coastal area of Shiba-shima during storms.
The area around Hino-shima shows rather complex submarine topography with steep slopes and many small caldrons. Off the east coast of Hino-shima, there is a depression more than 40 m deep (Fig. 2) . Core samples at the two stations (Stn. 70 and 73) situated in this depression, could not be collected.
According to the Geographical Survey Institute (1974), bottom sediments in this area are characterized by almost medium-grained sand. At Station 65 located in the southernmost part of this depression, bottom sediments show a trimodal distribution of grain size; granule (5.8%), medium sand (44.8%) and coarse silt (7.8%) . These facts suggest that the bottom currents are not so weak in the depression area and gravels are derived from the coastal area of Hino-shima.
Station 68 is located in the caldron near a narrow channel. Bottom sediments at the station show a trimodal distribution of grain size; granule (12.4%) , coarse sand (46.9%) and very fine sand (11.7%) , and this character harmonizes with the strength of current which flows through the narrow channel (Geographical Survey Institute, 1984; Fig. 3 ).
The Karajiro Seto can be described as a small inner bay which is surrounded on three sides by the islands of Hino-shima, Amakusa-kamishima and Goshonoura-jima. Bottom sediments at two stations (Stn. 64 and 69) , located in the Karajiro Seto, are characterized by high mud contents of more than 55%. The Geographical Survey Institute (1974) also reported that bottom sediments in the Karajiro Seto are characterized by silt at almost all the points. These data indicate that the area is occupied by rather stagnant water mass except for the areas near the small channels, and fine-grained sediments were accumulated in the Karajiro Seto area. The abnormal mercury contents were found in the muddy sediments at Station 69 (Fig. 15) 
